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to switch 28vDC power to selected loads upon remote command. The
four ratings trip out at currents of 10, 5, 2 and 1/2 amps. The
design allows for wide variations in load and supply voltage and
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so that the state of the controllefxcun be determined remotely. The
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1,0 INTRODUCTION

The Final Report for the DC Controller program was prepared

for the Naval Air Development Center under Contract #N62269-77-C-
0413. The text describes the circuit operation, prysical construc-
tion, assembly techniques and test procedures used in the
manufacturing of one hundred power controllers. The controllers
delivered operate from a nominal 28V supply and are rated for
either 10A, 5A, 2A or 1/2A output load. These units were designed
to comply with the requirements of Specification No. NADC-30-TS~-
7602 dated 27 April 1976.

.This report describes the electéical design in Séétion 2:

the physical design in Section 3, and the manufacturing process

in Section 4. Appendix A is the parts list.
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2,0 _CIRCUIT DESIGN AND_OPERATION __ .

- 2.1 General Description
The electrical design of the DC power controller was divided

into three subcircuits each of which was incorporated as a thick-
film hybrid. As shown in Figure 1 the Power,
t Logic and Amplifier hybrids provide all switching, sensing, control
and voltage reqgulator functions internal to the controller. Since
éhe internal sense and control functions are not dependent on the
power rating of the controller module, the logic and amplifier
hybrids are identical for all controllers produced. The power

'hybrid is constructed with a maximum of four parallel power switch-

ing stages for a 10A rated unit. For 5A, 2A or 1/2A rated controllers,
the same ceramic substrate was used for the power deck construction

i but with fewer of the parallel switching sections implemented.

By using this technique, effectively, only one power hybrid had

to be developed and the physical design task was reduced to devel-
oping only one controller type. Figure 2a shows the unit with the

cover on, and Figure 2b, 2t and 2d show the unit Qith the cover off.

2.2 Subcircuit Design and Operation

The three subcircuits of each controller were partitioned

:: so that the intexrconnection between the hybrids would be minimized
as shown in Figure 1. The amplifier and logic hybrids were joined .
3 back to back in a sandwich arrangement with three opto-couplers i
L‘ mounted on the side to form the control subassembly. The power |
hybrid was soldered onto the steel header and a discrate diode was

added internal to the terminal posts to form the power subassembly.
The interconnections between the two subassemblies were then reduced
to five interface wires in addition to four of the five terminal

posts brought in from the outside of the controller.

S Al it - - —— . Ane.
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2.2.1 Logic Subcircuit

FPigure 3 shows a block diagram of the DC Controller portion
contained in the outlined area at the left. The logic subcircuit
consists of the control input interface, a 12.5 volt precision volt-
age raegulator, the three CMOS IC's which perform as the internal
control logic and part of the rise/fall time circuitry. Figure 4

is a schematic diagram of the logic hybrid. _ _ .
2.2.1.1 Control Input/BIT Response

The control input interface circuit is composed of three opto-
couplers mounted off-board and discrete chip semiconductors.
The circuit was designed to provide 1000 VAC RMS isolation between
the controller's external control lines and the power and ground.
In addition to providing a turn on signal to the control logic,
the input circuit will alter its impedance between the two input
terminals to indicate one of three values dependent on the operational
state of the controller: 420Q for a trip condition, 7200 during
normal operation, and 1100Q if a fault has been detected when the

input signal status is compared to the controller's output current.

The input signal . current is divided between the Z3 LED, used to
indicate a turn-on signal to the logic, the ballasting resistor for
zener diode D1, and two current sources that are set by the state of
the controller. The zener diocde develops a reference voltage of
approximately 3 volts that is used for the Q20 constant current
source. This insures sufficient LED current for proper operation

of z3 independent of the rest of the input eircuitry and over the
120°C temperature range. Ql and Q2 also act as current sources that
tap a portion of the l0ma input current when they are turned on

by 21 or Z2, thus altering the circuit's effective input impedance.

If the controller is in the tripped condition, both Z1l and 22 are
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turned on with saturated photo transistors. The potential across

R2 and R3 is then about .8V below the D1 2ener voltage. These two
paths tap a portion of thg 1l0ma control current thus reducing the
current through R6 and therefore reducing the voltage across this
resistor. Under these conditions, the voltage drop across the

input terminals will be about 4.2V when a 1l0ma input signal is
Applied to the controller. If the controller is in a normal oper-
ating condition, either passing output current with an applied

input signal or turned off when no signalis applied, Z1 will be
turned on and 22 will be turned off. During the normal on condition,
the lOma DC input will develop 7.2V between the input terminals.
During the normal off state, the controller will respond with th;
7.2V level in less than 50 us. Since the controller output will not
respond in less than 100 us, the proper off state operation of the
controller may be ascertained by short duration interrogation pulses.
If a fault condition is detected by the control circuitry (output
current without an applied input signal or no output with input
applied), both Z1 and 22 will remain off, the input current will be
divided between R6 and 23, and the input voltage drop will be 1l1lV.

If the voltage supply is removed from the Power In terminal, there
will be no supply to the logic circuitry or 21 and 22. Therefore, if
Control Input current is applied, a fault condition will also be
indicated. 1If the controller is delivering load current without an
applied input signal, the fault condition can be sensed by application

of an interrogation pulse.

-ll-
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2.2.1.2 Control Logic
Upon application of input signal, the transistor of opto-coupler

Z1 turns on, allowing the input of buffer Ul/A to go high. Rll,
Cl, and the igvertor/buffer, Ul/B, will cause a 200 microsecond
delay of the input signal. This will allow sampling of the BIT

state of the input circuit before turning on the controller.

The output of Ul/B is fed into the off-time integrator composed
of R13, C2 and D2. The output of the integrator is buffered by
U3/C and U3/D and fed into the reset input of the trip state £flip-

flop. The off-time integrator will not allow the £lip-flop to

reset when a trip condition has occurred until after the control

input has been removed for at least 6ms.

The trip state flip-flop is composed of the two NAND gates of
“U3/A and B. Gate U2/C compares the output of the trip state
flip-flop versus the delayed input state in order to turn on the
output stage of the controller. The output of the trip state
flip~flop is also buffered by U2/A and fed to opto-coupler 22 in

order to relay the trip state to the igput circuit. Ul/3 generates
the fault status of the controller so that a fault signal will
occur if either there is an input signal without detection of

108 rated controller output from Min I or if there is current
output without application of input signal. The output is fed
to.UZ/B which is lit during a no-f@ult state. In the event that
input power to the controller is removed, the LED of Z3 will
extinguish, thus also indicating the fault state.
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2.2.1.3 Ref, Ramp
The output of U2/C is inverted and buffered by v2/D which

feeds the bases of the PNP and NPN transistors. During an ON
command to the controller, the output of U2/D is low, turning
;1 on Q17 and turning off Ql8. The collector of Q17 reflects a

scaled down voltage of the applied power input from the supply ]

reference voltage developed on the amplifier hybrid. This gener-
ates an ON reference curve through R18 and C3 up to the value of
the input reference voltage. This reference ramp is fed into

the POWER ON amplifier on the amplifier hybrid in order to control

the time of the rising and falling edge of the power output.

2.2.1.4 Regulated Power Supply

: | The voltage regulator IC U7 provides a stable interna supply
and reference voltage over variations in temperature and power
input voltage. Q15 and Zener D5, provide protection to .the
regulator IC input during 80 volt transients applied to the input.
The 12.5 volt output taken from the buffering output of Q19 is
used to supply the CMOS logic, the quad voltage comparator, quad

y op-amp IC's of the current detectors, and logic side of the

opto-couplers.
‘ . . - —tam—————

& 2.2.2 Amplifier Subcircuit

i Figure 5 has an outline around the Amplifier portion of the

J block diagram. Figure 6 is a detailed schematic of the Amplifier
hybrid. The Amplifier circuitry is constructed with a quad voltage
comparator U6 and a quad operational amplifier US. These analog com-

ponents provide the level sensing to detect fault and trip condi-
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tions within the controller and supply the control interface to the

power subcircuit.

2.2.2.1 Sense Amplifier

The current output of the controller is sensed by a propor-
tional voltage drop referenced to the power input terminal. The
resistor bridge of R14, R15, RS3 and RS54 provides a scaled down
level of the sensed voltage to the input of the sense amplifier
so that, at the maximum power input voltage of 30V, the common
mode level to the op-amp is within the proper operating range.

R48 and R49 provide an offset to the sense amplifier so that when
the sense voltage is zero, the output of the sense amplifier will be
lV. This offset insures proper operation of the minimum current

detector by increasing the common mode detection level above 0V.

The net result of the sense amplifier circuit is that for
each 100% increase in the power output current to the load, the
sense amplifier output will proportionally increase by .9V. Thus,
with no power output current, the sense amp output will be just
the 1 volt offsat. At the 10% level of rated controller output,

the amp cutput will be 1.09V; at the rated controller output

current, the amp output will be 1.9V, and at 10008 of rated controller

output, the sense amp output will be 1l0V.

The amplified sense voltage is fed into a minimum current
detector of U6/C, a trip time integrator composed of US5/B and
U6/A, a maximum trip limit detector of U6/B and a gain compensa-
tion amplifier composed of US/C. The reference inputs to these
four stages are derived from a voltage divider which is tied to

the regulated supply of the controller.
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2.2.2.2 Minimum Current Detector

The voltage comparator, U6/B, is used as the minimum current
% detector and switches at the amplified sense voltage equivalent

{ to an output of 11% rated load current. R35 is a pull up resistor
‘! tied to the comparator's open collector output so that 0 to 12.5V

E logic levels will be relayed to the logic hybrid.

) 2.2.2.3 Trip Timing

The trip time integrator, US5/B, generates a ramp voltage

whose slope is in proportion to the difference of the output of
_ the sense amplifier and the 125% rated load reference point taken
E between R45 and R46. Thus, the delay between application of an

- overcurrent condition and the time the voltage comparator, U6/A,

trips low, will be in proportion to the amount of power output
current that exceeds 125% of rated load. The result is a switching
time in accordance with the trip timing curve as shown in Figure 7,

Region I.

2.2.2.4 Maximum Current Detector

The Maximum Current Detector, U6/D, is a voltage comparator
that will trip out the controller in less than lms when the load

current exceeds 10008 of the rated output. At the 1000% level,

as shown in Figure 7, Region II, the controller must trip out in
7 less than 100ms. Since the voltage comparators of the trip time

. integrator and maximum current detector have open collector g

outputs, they may be phantom or’'ed together so that either trip
' limit will be indicated by the low logic level at the common mode.

| -18-
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2.2.2.5 Gain Compensation

In order to minimize the power dissipation of the controller
during normal operation, extra output stage drive to the solid
state switch is added only during the over-current condition.

The Gain Compensation amplifier, US/C, provides this drive as a

voltage between 2.5V and 10V that is proportional to the output
T - ]

over-current. The voltage comparator, U6/D, inhibits the gain

comp. output if the load current is less than 125% rated controller

current.

2.2.2.6 Rise/Fall Timing Amplifier

The operational amplifier, US5/A, is part of a feedback loop
that controls the rise and fall time of the controller's power output
voltage so that proper operation can be maintained over variations in

operating voltage, temperature, and nominal load current. The

amplifier monitors the scaled-down voltage of the output terminal
through R63 and R19, and adjusts the drive to the power switch so that
the rise or falling edges of power output voltage will track a sampled

section of the reference ramp generated by the control logic.

2.2.3 Power Subcircuit

The Power Subcircuit, shown in the outlined portion of the
Block Diagram, Figure 8, contains the function that senses the
output current to the load and provides the solid state switch-
ing of the load current. Also included on this hybrid are the
components needed to suppress high voltage, short duration

transients. Figure 9a is the schematic diagram of the Power
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Hybrid-—10 amp. version. Figures 9b through 9d are the lower

current versions.

2.2.3.1 Solid State Switch
The solid state switch function can be divided into a power

switching section and the control to the power switch, as shown

in Figure 9. The power switch is composed of four pseudo
Darlington pair stages connected in parallel for a 10A configured

controller, two parallel stages for a SA controller, and a single

stage for 2a and 1/2A rated units. The output transistor of
the Darlington pair was selected for its low leakage current at

100°C in conjunction with its need to deliver high currents in

the on state with minimum collector to emitter voltage drop. The

gain and peak current capability had to be sufficient so that at

the controller header temperaturas of 120°C, each Darlington pair
could deliver 25 amperes. The output transistor is designed to
operate just out of the saturation region in order to minimize
the voltage drop from the input to output terminals and to also

reduce the effects of the variation of transistor gain.

" The output transistor, RCA 67654, is similar to a 2N6327but

is selected for its low leakage and guaranteed gain at low temper-
ature. This passivated transistor also uses a fabrication =~ — -

technology that allows the device to be soldered to the hybrid

substrate.
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The drive transistor, a 2N3792, is forced to operate fully
into saturation. The total voltage drop across the output pair
is then the saturation voltage of the drive transistor, plus
the base to emitter drop of the output transistor. The base pull
down resistor of each output transistor insures minimum leakage

current at elevated temperatures.

The control section of the solid state switch is similar
in design over all of the controller current ratings. The semi-
conductor parts remain the same for all controllers but, in order

to reduce the on stage power dissipation, the resistor values

selected are depndent on the controller output current rating.

During normal operation up to rated output current, the
GAIN COMP input insures that Q3 is turned off and that the control
to the solid state switch is applied from the POWER ON lead from

the amplifier hybrid. Since Q3 is off, there is no supply current

to the collector of Q4, or the base of Q5, therefore eliminating
them from acting as gain stages. The base drive to Q6 is therefore
only the current supplied from the POWER ON input. The drive to

Q6 insures that it is saturatad. Since Q5 is inactive, the drive
current to the power switchinc section is determined predominantly
by R26. This resistor value is determined by the worst case gain
condition of the oﬁtput when the POWER IN terminal is held at 17.5V.

During an overcurrent condition, the GAIN COMP signal increases in

proportion to the output current, thus turning on Q3. This now
allows d4 to supply extra drive to Q6 to maintain it in saturation

and also allows Q5 and R64 to act as a current source. The result
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is then the added drive current required by the output transistors
during the high load current surges, but without effecting the

power dissipation during normal operation.

2.2.3.2 Current Sense

Detection of the controllers cutput current is achieved by
the placement of thick film resistors in series with the output
current path. Each output trﬁnsistor pair has a sense rasistor
that is specified to have .2V drop when the stage is passing its
rated capability. Since for 10A and 5A controllers the individual

output stages are designed to pass 2.5A when delivering rated
% capacity, the sense resistor value used would be 80 milliochms.
4 The 2A and 1/2A controllers only use one output stage and therefore

! the sense resistors used with those units would be 100 mQ and 400 mQ

respectively.

The sense resistors also provide a ballasting effect in the
multiple stage 5A and 10A controllers. In the event that any
single output stage begins to pass more current than any other
parallel stage, the sense drap of that series resistor will increase,

thus reducing the emitter to base drop of that particular drive

|
R L EL Ry

trangistor. This will reduce the drive current to the dominant

output transistor.

The sense resistor voltage drops are summed together through

e - o
L <

50Q resistors to a common node. The summing resistors also provide

isolation between stages so that the ballasting effect can be

maintained.

-27-
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The sense resistors also provide the fail-safe fusing function.

Experiments with a separate fuse wire that would have been incorp-
orated as part of the power hybrid, did not provide confidence for
repeatable unit-to-unit results. Sense resistors subjected to

over-current surges would blow out more uniformly as shown in

Figure 10. The results indicated that the resistors would open
above the valid fusing curve at the lower overload curraents andJL

_ that they would not blow out in the valid trip-out region. Results
E. using the coil were as a fuse element indicated that violation of . H
;

1

the power controller trip area was possible (See Figure 10).
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3.0 PHYSICAL DESIGN

t. The controller mechanical design required minimization of

1‘ the volume and weight but with a rugged construction that could

withstand 100G's of shock and a rigorous vibration cycle. 1In
order to meet these requirements, plus a -65°C to 150°C storage
( temperature, the controller circuitry was contained within a

steel cover mounted to a cold rolled steel header base plate.

Figure lla is a sketch of the design.

v —

3.1 Header and Cover

The design for the controller package as dictated by
Specification No. NADC~30-~-TX-7602/01, required five terminals o
to be mounted on the base plate assembly. Since open semiconductor

' chips were used in the design, the package was required to be

hermetic. Hence, in order to make contact with the internal !
{ circuitry, the terminal posts used a glass to metal terminal |

to isolate them from the metal header.

Initial calculations indicated that using the .200 inch
terminal spacing specified by the slash sheet would not allow the
controller to pass the required dielectric withstanding voltage
test at a pressure equivalent of 100,000 feet altitude. Tests
were performed assuming a .350 inch terminal spacing and using

a .250 inch diameter glass bead. Under a 500V potential, this

design withstood voltage breakdown until Ehe 70,000 foot equiva-
. lent pressure was reached. To incorporate the large insulation
E‘ spacing required, the header layout was altered to that shown in
Figures lla, 1llb and llc, and terminal hooks were incorporated as
per NADC request.

o
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Fig. 1la
Package Design
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NADC-76215-30

Due to the similar internal construction of all controllers,
only one type of cover was manufactured for all controller ratings.
This tin plated steel cap was then soldered to the plated header
after the hybrids were installed. An evacuation hole in the top

of the cover provided the final seal.

3.2 Internal Construction

As shown in Figure 1la and 11d, the three hybrids that contain all

the controller circuitry are arranged in two separate layers. The
bottam layer is the power subassembly and consists of the header
baseplate, the power hybrid and a discrete diode. The top layer

is the control subassembly and is composed of the logic and amplifier
hybrids, and three opto-couplers.

3.2.1 Power Subassembly

The power subassembly identifies the controller's output
current rating by the capacity of the power hybrid soldered to it.
In order to minimize the thermal resistance between the power
transistors and the header heat sink, beryllia oxide was selected
for the power hybrid substrate. The power hybrid is fabricated
from .040 inch thick beryllia, with a final thick film copper back-

Plane and copper metallization on the top surface.

Copper metallization was specified because of its good
electrical conductivity, reduced metal scavaging during the high
temperature soldering of power transistors, and lower thermal

resistance than other types of metallization.

 —— s a7 s A
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Major power transistors used a soldered back technology and

the lower current semiconductors were attached with conductive

epoxy.

Interconnection to all but the power output transistors was
made with appropriate size and number of gold wire bonds. The
power transistor emitter and base contacts were made with clips
attached to brass posts. As indicated in Figure 12, the posts
were supported and aligned by holes placed in the beryllia. After
the posts were soldered to the copper metallization, the alignment
hole was then backfilled with epoxy to provide an insulating

barrier.

Screened, thick-film resistor chips were used on the power
substrate. Using chip resistors provided the advantage of having
to manufacture only one type of (BeO) substrate, then selecting

the chip components dependent on the power hybrids current rating.

A discrete 1N4002 diode was incorporated into the power sub-
assembly by supporting it between the POWER IN and PQWER ouT
terminal posts. The axial leads of this device then provided
the mechanical and electrical connection to the subassembly.

3.2.2 Control Subassembly
The top level of the controller circuitry is constructed of

the logic and amplifier hybrids placed back-to~back and supported
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NADC-76215-30

by five header terminal pins. Besides providing the mechanical
support to hold the subassembly firmly in place, four of the

five terminal pins also are used for the electrical connections
to the lower level. Two of the terminal pins bring the control
input signal directly from the outside, up to the logic hybrid.
One other pin tias the ground to the sﬁbassembly and the final

pin connection monitors the response of the power out terminal. R

Pive riser wires provide additional interface between the
upper and lower levels. The wire contacts are made by solder
connection directly to the power hybrid metallization and to the
wrap-around clips on the upper level. The wrap-around clips also
provide the electrical interconnection between the logic and

amplifier hybrids.

Three opto-couplers are cantilevered on one side of the

upper assembly. These TO-18 case units make mechanical and
electrical connection via the four wire leads which protrude ]
from the bottom of the opto-coupler as indicated in Figure 13.

Electrical interconnection from the lead contacts on the amplifier
hybrid side to where the input circuit resides on the logic.hybrid,

is made with copper straps.
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4.0 MANUFACTURING AND TESTING

The sequence for producing an integrated controller involved
first, the construction of the three hybrid types, then assembling {
each subassembly, and then final integration and seal. |

Parts were tested throughout the production cycle so that any

3 circuit failure could be detected as early as possible and to
also insure that the controller, when sealed, would fully comply
with the specification requirements. Figures 14 a, b and ¢ detail

the assembly and testing steps requiréd from substrate printing

i e o

Ly

to delivery of completed and tested controllers.

. 4.1 Control Subassembly

Similar construction sequences were used to assemble the

logic and amplifier hybrids. At steps Ll and Al, as shown on
Figure l4a, the substrate was constructed yith multiple levels

of printing of thick film resistor and conductor traces. Trim-

ming resistors to value was also included at this production
level. At the second level (L2 and A2), semiconductor chips
ware epoxied to the substrate and, after a high temperature

cure, these parts were wire bonded to the substrate to make

their electrical connections. After bonding, the hybrids were

checked for proper operation.
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Incorporated as part of the procedures, all hybrids were
visually inspected to detect abnormalities prior to being powered
up. Since both logic and amplifier substrates require active
trimming to bring operational tolerances within limits, rudimentary
tests (L3 and A3) were performed to exercise those components
affacted by dynamic trimming. The test point measured during the
trim procedure was recorded at the trim facility and remeasured
after trimming at the evaluation test position. This would detect

differencaes in instrumentation between the two work positions.

After trimming, the amplifier hybrid was checked for proper
operation at 17.5V and 30V. Supply current was measured to
determine maximum power dissipation. The output of the trip time
integrator, the minimum current detector and the gain compensation
amplifier were checked by simulating the voltage developed across
the current sensing resistor. The rise/fall time amplifier was
chaecked by connecting the inputs to a DC potential and measuring

for a fixed output voltage.

The logic hybrids were evaluated fcr the stability of the
on-board voltage regulator, correct operation of the combinational
logic elements, power dissipation, proper Zener diode voltage
and switching capability of the input circuit transistors. Signal
timing is not incoré;rated as part of the hybrid evaluation test.

Hybrids that did not comply with the established standards

were esvaluated to determine the nature of the failure and, if
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possible, the fault was corrected and the hybrid was retested.
Faults that were typically detected at this stage would be
defective IC's, out of value resistors and damaged wire bonds.
After completing the hybrid tests and passing QC inspection,
the control subassembly was constructed. Three opto-couplers
that had previously been tested at 125°C for transfer charac-
teristics and switching speed are attached to the two back-to-
back substrates.

4.2 Power Subassembly
The power hybrid construction started with the printing of

the copper backplane, copper conductor traces and an insulating

ink onto the BeQ substrate.

The substrate was populated in multiple steps, using
different temperature solders, First, the posts used to hold
the power transistor clips were attached to the substrate, using
Au Ge solder at 400°C in a hydrogen atmosphere. Then the power
output transistor and its base and emitter clips were attached,

using solder preforms at 330°C in a reducing HoN, atmosphere.

At this stage, the power transistors were tested for leakage
current. If a stage was found defective on a substrate mounted
with multiple output stages, the hybrid would be downgraded in
current rating. Therefore, two stages of 10A power hybrid could
be disabled by removing the transistor clips, thus forming a SA
unit. Similarly, the defective stage of a designated 5A unit
could be disabled and the substrate could be used for a 2A or
1/2A controller,
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At this point, the lower power transistors and diodes were 3
epoxied to the substrate and cured. All semiconductors were
then wire bonded with gold wire. The transistor terminals that
would be required to pass high current were connected with ‘
multiple bond wires. ?

The final population step was to solder the pretrimmed chip

resistors to the substrate. The resistor values selected would

be determined by the rating of the power hybrid. Prior to assembly
of hybrid to header, the epoxy insulation was tested, placing the
hybrid on a wet blotter situated on the metal plate and applying
the 1000V RMS test voltage between the plate and each pin. Having

passed this test, the hybrid and header were soldered tcgether.

The power hybrid was tested after being mounted to the header
baseplate. Prior to power up, the unit was given a visual examin-

ation and the subassembly serial number was assigned.

The assembly was checked with 1000V AC for dielectric isolation.
Off-state leakage current was checked by derating the specification
values given at 100°C to projected currents at 25°C. The output
stage was tested at the current rating of the controller that it
would be assembled into. The voltage drop across the output stage
was also measured at the rated current.- The gain compensation
control circuitry was also exercised to insure that it would deliver

adequate drive current.

-46=~
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4.3 Controller Integration

At the pre-cap stage, the control subassembly (logic and

amplifier hybrids plus the three opto-couplers) was press-fitted o
- i on top of the power subassembly and temporary riser wires were
| attached between the two levels. Since this was the first time
that all components interact completely within the particular

controller module, tests were performed to insure proper operation

within specification limits. 1Isolation, insulation resistance, - 4 !

and dielectric withstanding high voltage tests were not performed

at this stage since the controller circuitrywas still exposed to
a possibly humid ambient environment. Transient tests were also
not exercised during pre-cap evaluation since the controller
response to transients was mostly dependent on design and not | .
k component interaction variations. The only other test not performed

at the pre-cap stage was the trip time characteristics at output

2 currents above 150%. }

In the event that the controller had failed any test at the

b ——— e ———

pre~cap stage, the unit could be debugged while still assembled.
The control assembly could easily be removed for repair at this
stage since all electrical and mechanical connections were only

, of a temporary nature. If necessary, the logic and amp. hybrids
J caullbe separated, but most repairs could be made with the two

| hybrids back-to-back. After r-:epair. the control}er was, again,

subjected to the pre-cap test phase.

-47=
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After the controller passed the pre-cap test phase, the
control subassembly was permanently soldered onto the support
pins, and riser wires from the power subassembly to the upper
level were permanently attached. It had been observed that
some of the controllers had trip BIT voltages that were marginal
or slightly below the specification limits when examined at the.
pre-~cap test level. It was determined that an active trim to
R2 on the exposed logic hybrid could easily be performed to pull
the trip response level to the center of acceptable limits. This

conditional step is shown at Block C6 on Figure l4b.

Prior to inspection at C7, the opto-couplers were aepoxied to
the logic hybrid for additional support. After inspection, but
prior to having the cover attached, the integrated assembly was
subjected to a quick series of tests to confirm that no damage
occurred during the final solder, trim or epoxy operations. The
header cover was then fitted and soldered in place, the unit was
purged, baked, and backfilled with dry nitrogen prior to sealing
the tip~-off port. The controller was then tested for seal inteqrity
as outlined by the specification and as part of the Acceptance Test
Procedure. The serial number assigned to the controller at this
point was the manufacturing line number that was used on its

power subassembly. -

The sealed controllers were then mounted on a plate, to cover
their heat sink surface. The units were then sprayed with black

epoxy paint.

-48~-
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The first thirty-one controllers constructed were then subjected
to vibration of 2.5 G's at 55 Hz at temperature extremes of -30°C
and +85°C. The period of vibration lasted ten minutes at each
axtreme after temperature stabilization. Although this processing
step was not a contractual requirement, it was determined that
this stress cycle would insure confidence in the mechanical integrity

of the construction.

Since problems did not become evident due to the shake and
bake cycle, this processing step was eliminated for the remaining

" controllers. The controllers. then proceeded to final testing.

4.4 Controller Testing

After the final assembly step, the controllers were evaluated
for compliance with Specification NO. NADC-30-TS=7602 dated
27 April 1976. This was performed in accordance with contract
requirements and applicable specification items for DC controllers.
All 100 controllers were checked against the appropriate items
ligsted in Group I, Table III of the specification. Three controllers
of each rating were additionally checked against the appropriate
requirements of Group Ii and Group III of Table III. These controllers
were not required to be tested for temperature shock, acceleration,
salt fog, or humidity as per the contract. 1In addition, it was
agreed upon that NADC would perform vibration, temperature altitude,

radio interference, shock and life tests.

4.4.1 Group I Test Procedure

The test procedure given in Appendix C was adopted to check

each controller!s compliance, with the specifications. Each test
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paragraph lists the title of the step being performed, the
Requirements and Quality Assurance Provisions references to
specification Paragraphs 3 and 4, and any applicable definitions
given in Section 6.5. The test paragraph also includes an
explanation of the procedure to be performed at that test step and
the acceptable limits allowed.

The initial tests performed on a controllers checked the high
voltage isclation between the terminal and case and between the
control input circuitry and the components tied to the power
terminals. The controller was then connected to a heat sink test

fixture.

The Power Input terminal was connected to a 30V, 80A power
supply and the Power OQutput terminal was connected to the appropriate
load via soldered wire connections. The Power Ground, Control
Input, and Control Ground connections were made with clip~on leads
and fed to the ﬁest control box. In addition, clip leads were
attached to the Power Input and Power Output terminals so that
voltage measurements could be made directly on the controller

without the effects of the resistance of the power lead wires.

The control and measurement leads were fed to a test control
box that contained a ratary switch for convenient measurement
between the various test points, and a set of voltage comparators
used for the accurate measursment of the power output rise, fall
and delay times. The outputs of the voltage comparators were fed
into gating logic whose outputs represented controller waveform

times and were selected via a rotary switch to feed an interval

-50-
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timer. The schematic of the test box referred to in the test

procedure is shown in Figure 15.

4.4.2 Group I Test Results
The test procedure given in Appendix C includes both quanti-

tative and qualitative criteria used to examine each controller.

The procedure also includes the set~up steps to be taken before
making measurements and remeasurements taken to confirm proper
operation after severe tests were performed. The quantitative
measurements of the controller characteristics are shown in Table 1.
Each column of data represents a numbered step in the test procedure.

Test steps in which data is not given in the table are explained

below.

Steps 1 and 2 confirm the mechanical characteristics of

the controller at the time of testing.

Step 3 assures that the hermetisity requirement of the
specification was met. All controllers were tested for, and

passed a fine leak requirement of a leakage rate of less than
10'6 é!%ig% , Al controllers also passed the gross leak test

in which no escaping bubbles were observed when the controller

was soaked in hot freon.

All controllers passed the di-electric -withstanding
voltage of 1000V AC RMS of Step 4 without breakover.

All controllers had leakage currents less than lu amp when
100V was applied between the points outlined in Steps S5 and 6.
This is equivalent to isolation and insulation resistances

greater than l00MQ for these tests.
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Group I Test Pogults.
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‘Group I Test Results.

NADC-76215-30
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Group [ Test Resulcs.
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Group I Test Results.

TABLE 1.
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NADC-76215-30

Steps 7, 8, and 9 are set-up and run-in procedures used
to assure proper operation before quantitative data was

taken.
Steps 10 to 22 results are listed in Table 1.

Step 23 is a set-up and calibration step used in prepara-

tion for the trip time tests.
Steps 24 to 27 results are listed in Table 1.

Steps 28 and 29 are consequences of successful completion

of all trip time tests.

All controllers would not reset when a 4.5m sec. turn

off pulse was applied in Step 30.
Step 31 results are listed in Table 1.

For Step 32, all controllers had an observed AC voltage
drop of less than .0l volts with most units reading about
.001 volts AC. This can be related to the ripple current
developed by the controller into a resistive load. This
test was performed only at rated output current since the

controller design did not include AC developing circuitry.

Prototype tests indicated that controllers would not

produce a ripple current at any intermediate load current.

Al. controllers tested passed the common mode rejection

test of Step 33.

I T NS Y me'ﬂm‘ Y
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For Step 34, all controllers were forced to a Fault/Bit
impedance and the input current was adjusted to the point
where the voltage between the input terminals was 15V. Since
the required input current to obtain this voltage was .

approximately 14 ma., maximum power was applied to the input

circuitry without exceeeding the maximum voltage or current
specifications. Proper operation of the control input

circuitry after testing is measured in Steps 35 to 40.
Step 35 results shown in Table 1. i

Steps 36, 37, and 38 remeasure controller characteristics

to assure proper operation after trip time and maximum control

signal tests.

Step 39 remeasures the Bit/Fault level taken in Step 35
under a different Fault condition. All controllers had the

same Bit levels for both Steps 35 and 39.

Step 40 results shown in Table. (This test step was not
included in the original test procedure; because of this,

some of table entries are missing.)

4.4.3 Group II and Group III Test Results

Three controllers of each rating was tested for the applic-

able items of Table IIJ, Group II and Group III of the specification,
after passing Group I tests. Included in this group were the

Operating Voltage Transient and Transient Spike Overvoltage tests

-61-
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applied to the power terminals of the controller plus the control

input transients applied to the control terminals.

All twelve units were also tested at temperature extremes of
=54°C and 120°C, as measured on heat sink to which the controller
was attached. The test procedure that was used for Group I testing
was also used to test operation at temperature extremes, but with
the test sequence starting at Step 7. (See Appendix C for test
procedure.) Tast results of measurements made at -54°C and 120°C

are given in T=bple 2,

After being teste& at temperature extremes, the controllers were
then each tested at room temperature for proper operation after
operating voltage transients and transisnt overvoltage spikes were
applied to the power terminals and control input transients were
applied to the control terminals. vProper operation was assured by
testing each unit for compliance with the applicable items of

Table IV, Group A of the Specification.

It was observed that the controller output would turn on for

2 to 3 milliseconds when the control transient pulse train was _

applied; This was determined to be caused by the integration of

the pulse train by the opto-coupler 23 and delay time integrator
Rll and Cl. Since the delay before turn is allowed to be as short
as 1l00u sec. and the delay before turn off as long as 2.0m sec.,
it was determined that this duration.turn on short was not a

violation of the specification.
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4.4;4 Bit Fault Tests

One controller was specially constructed so that the4Bit/Fault
condition simulating a shorted power output transistor could be
tested in accordance with Table IIX Group III of the specification.
This controller (#83, 1/2A) had an additional wire attached to the
emitter of the power output trangsistor. The wire was then fed through
a hole in the plexiglas cover that was used in place of the metal
header cover. The controller was then tested for electrical compli-
ance with the specification with the exclusion of the high voltage
isolation tests. This unit was then tested in a normal condition
with a 10m sec wide iOma pulse turning the output on as shown in

Pigure l6a. The wire attached to the emitter of the output trans-

istor was then shorted to the power output terminal to simulate a
shorted.output transistor with the results as shown in Figure 16b.
Note that the initial Bit response indicates a Fault condition

(11V control input voltage) since the controller was passing output
current directly before the input signal was applied. The Bit
response then reverts back to the normal level. (7.2V control input
voltage) since there is, at that time, a control signal to turn on
and the controller is passing rated load current. Figure l6c

shows the controller's fault response to a 50u sec. ihterrogation
on an expanded time scale. Figure 1l6d indicates the Normal Bit
input response with an interrogation pulse when the simulated fault

was removed.
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BIT RESPCNSE TEST SERIAL 483 1/2a

A CUTPUT VOLTAGE
| TG LOAD
- 10V/DIV
\1£

CONTROL INPUT
VOLTAGE RESPONSE
To 18 ma INPUT
5V/DIV

Horz. = $.5 ms/DIV

Figure l6a. Normai wgcluwiivic siwad 1 ms
Turn on Pulse Every 5 ms.

B OUTPUT VOLTAGE
: 10v/DT
3PV 0wV /DIV
Y
{ COUTRCL INPLT
3% /DIV
Figure l6k. Simulated "Stuck=-on" Fault Ecrz., = 2.5 ms/DIV

1 ms Turn con Pulse Short Acrosss
the Power Cutput Transistor to
‘ Simulate Fault
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BIT RESPCNSE TEST SERIAL #83 1/2A

GUT2PUT VOLTAGE
30v 10v/DIV
!
.
CONTROL INPUT
5V/DIV.
Figure l6c. Simulated "Stuck On" Fault Horz. = 10u Sec/DIV
bIT response Sampled With
50 u sec. Interrogation Pulse
QUTPUT VQLTAGE
3qv 10V/DIV
—

CONTROL IWPUT
5V/DIV

Horz. = 10p Sec/CIV

Figure l6c. Liormal Cperaticn With 5Cus
Interrcgation Pulse
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4.4.5 Problems Encountered During Testing
Scme of the controllers being manufactured failed during

testing or were determinedto have an electrical parameter outside
the specification limits. If the malfunction occurred during the
final test, the unit's cover was removed and, if necessary, the
hybrid substrates were taken off so that the cause of the fault

could be determined.

When the first manufactured group of controllers was tested
for Bit response time at 120°C, it was observed that some of the
units would not have a stabilized Bit level within the allowed
50u sec. Because some of the phototransistors were observed to
have lag times of greater than 50 microseconds at 120°C, all the
optocouplers on hand were tested for rapid response time character-
istics at elevated temperature. Out of 369 parts tested, 237 had
lag times of less than 40 microseconds. Since each of the 100
controllers require three optocouplers, an additional lot of opto-

couplers were purchased and tested.

Testing of the 10 and 5 Amp power assemblies indicated a
greater voltage drop than anticipated across the output stage at
rated load. This additional drop would cause an incorrect measure-

ment of the controller output current by the sense circuitry. It

g e A )
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was determined that the additional drop occurred along the printed
'f’ copper metal conductor trace. A copper ribbon in parallel to the

conductor was addaed to reduce the drop to an acceptable level.

5' Three of the 2A controllers failed to turn on after the 600V
short-term transient was applied across the power input and ground
terminals. A visual examination of the assembled controllers did
not reveal damage to the power or amplifier substrates, but close
examination of the logic hybrid uncovered blown ground metallization
on at least one of thé tﬁrae CMOS IC chips on each controller. This
type of failure will usually manifest itself if the maximum
specified CMOS operating voltage is exceeded. Since the controller
design contained circuitry to prevent overvoltage on the internal

supply rail, those components that should clamp or suppress trans-

ient spikes were suspected as being defective.

Two Z2ener diodes located on the power hybrid were incorpor-
ated so as to clamp the input spikes to a maximum 80 volt lavel
which can safely be further reduced internally. Further testing
revealed that due to the slow response of some of these diodes,

spikes of up to 120 volts were being passed to the system. This

Bl oty ey

fact in conjunction with the breakover of a protection diode

located in the internal voltage regulator would pass a higher

N L filen
——— L.

than allowable voltage onto the 12.5 volt supply rail. This then
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resulted in the destruction of the CMOS devices. To correct the
possible deficiency of the Zener diode response time, a 0.l micro-
farad capacitor was added between power input and ground to absorb

the initial surge until the Zener takes effect.

A few 5 amp. controllers failed preliminary testing by produc~
ing oscillations on the power output line during the turn on and
turn off transitions. An examination of the test bench set-up
revealed a poor power ground system. After correcting this defic-
iency, all but one of the units operated correctly during the rise
and fall time period. The sixth unit was diagnosed to have a
defective component in the closed loop circuitry that produces

the transition period slopes.

During the production and testing, seven controllers encountered :
catastrophic failures during trip time tests. When these units
waere tested with a short between the output lead and ground in
accordance with the specification, the controllers would not trip
out in less than 1 millisecond as required, but would stay on for
a longer duration until the sense resistor, acting as a fai}-safe
fuse would blow out. When the power decks of these units were
examined, it was found that in addition to having an open sense
resistor, the main power transistor had cratered under the emitter
contact lead. The cause of this type of failure could be due to

the control circuitry keeping the power stage on for too long

during the overcurrent condition, thus, causing secondary break-

down, or because of premature secondary breakdown due to a weak

-§9~
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pass transistor in the power stage latching the output on even

though the control to turn on had been removed.

Some of the failures were caused by the control circuitry
keeping the pass stage on for too long until the designed energy
limit of the transistor was exceeded. This was attributed to

problems in the test equipment resetting the control circuitxy.

Examination of the pulse generator signal that develops the
input to turn the controller on indicated that some switch bounce

from the pushbutton actuator was being passed through the system.

This had the effect of resetting the trip out period and then
turning the controller back on before the controller could normally
trip out. This allowed the controller to be turned on for a longer
accumulated period than intended between trip out times. The
transistor would then short from emitter to collector due to
sacondary breakdown and would remain on until the sense resistor

would blow open.

Although it was observed that at least one unit had failed
due to the double pulse cause, it is certain that an additional '
unit failed due to other reasons. To prevent double pulses in the
future, an additional circuit was built into the test set-up that

would turn the controller on for a 20-second period.

It was determined that the remaining dam39ed power decks did

i i o lamds - v 2t d "
W 4
. e B

not fail because of faulty external operation, but due to voids
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under the transistor formed during assembly. These voids would
cause hot spots on the transistor surface that would account for
the premature bfeakdown. X-ray photographs were taken of the
damaged power decks to examine the transistor contact area. 1In a
faw cases, the drive transistor and not the pass transistor had

the high void concentration. Since it was observed that the pass

stage sustained the damage, it is presumed that the driver prematurely

?‘ broke down, thus, turning on the pass unit for too long until it,
too, broke down and, then, shorted until the sense resistor opened.
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5.0 RECOMMENDATIONS

The difficulties involved in producing 100 controllers point
out the areas that could be improved on to ease manufacturing for

large quantity production. Testing the controllers to meet the

specification also indicated parameters that would be advantageous

to change to produce lower cost power controllers. It is therefore
- recommended that the following modifications be incorporated into

1 a controller specification for building production quantities.

——

i ' Increase the control input current from the nominal

. loma value to at least 15ma. This will ease the selection
among the few opto-couplers that operate at 120°C. Aanother
benafit of a higher input control current is that the internal
biasing resistances of the control circuit may be decreased

which will decrease the Bit response settling time,

It is suggested that the mechanical specification require
that one of the glass feed through insulators on the header be

a differenct colored glass for indexing.

If the minimum current detection range for a fault could
} be defined to be approximately 15% of rated current with a
d tolerance of plus or minus 7% of the rated current level, then

the precision of the internal voltage supply and reference

voltages could be reduced. i

It is also suggested that the additional items be speci-
fied and tested for future qualification:
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Voltage drop from Pwr In to Pwr Out at over current levels.

The allowable output spike when power is initially applied
to the Pwr In terminal.

Minimum voltage operation.

That the Fault Bit response will over-ride Trip when the

voltage is removed from the Pwr In terminal.

Ea 16‘*‘“7%’?4‘!?,!!‘%‘11.%&_;
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HAOl POWER HYBRID PARTS LIST

10A

.08 ohm
.08 ohm
.08 ohm
.08 ohm

1N4148
1N3040B
1N3040B

2N6316
2N3019
2N6316
2N5339
RCA 67654
2N3792
RCA 67654
2N3792
RCA 67654
2N3792
RCA 67654
2N3792

1 uF

5A

200
130
800
.08

.08
50

16
1K
1K

1N4148
1N3040B
1N3040B

2N6316
2N3019
2N6316
2N5339
RCA 67654
2N3792
RCA 67654
2N3792

Jd uF

500-1K
130

2K

.10

1N4148
1N3040B
1N3040B

2N6316
2N3019
2N6316
2N5339
RCA 67654
2N3792

1 uF

1K-2K
130

4K
.40

300-510

1N4148
1N3040B
1N3040B

2N6316
2N3019
2N6316
2N5339

RCA 67654
283792

Jd uF
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HBO1lA LOGIC HYBRID PARTS LIST

Rl 100 K Untrimmed
R2 560

R3 820

R4 13 K

RS 15 K

R6 200

R? 410

RS 20 K

R9 3 L] ‘.‘ K
R1iO 3.9 K
R1l 250 K
R13 1.8 M
R16 510 K
R17 510 K
R18 90 K

ggz i;.g T Active Trim
R57 2.7 K
R58 7.5 K
R69 680

Cl 1000 pF
c2 4700 pF
C3 0.01
c7 1000 p
c9 0.01
Clo 0.0l
Dl MCC3.6A
D5 MZ43Bl0
D8 1N4148

B i
Ul CD4070BH (TA6950)
U2 CD4G60iBH :
U3 CD4011BH
u7 LM723H
Ql 2N5550
Q2 2N5550
Qis 2N5550
Qlé 2N2484
Ql7 2N3251
Qls 2N2484
Ql9 2N3019
Q20 2N5550
Q21 2N5550

Q22 2N5550
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HB02 AMPLIFIER HYBRID PARTS LIST

R14 92
47
75
15
56
15
15
100 K
465 K
476 K
20 K
63 K
8.1 K
8.8 K
46 K
4 K
15 K
410 K
406 K
92 K
47 K Active Trim
820
3.3 K
1.2 M

Active Trim

RRRARARAR

1000 p
0.1 u
0.1 u
0.01 u

CA324H
CA339H

! e e —— 4L
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D C CONTROLLER PARTS LIST

Header/Power Hybrid (BAO1)
Logic Hybrid (HBOLA)
Amplifier Hybrid (HB02)

zl
Y
23

D3

OPI1991
OPI1991
OPI1991

1N4002

Header Cover

NADC-76215~30
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APPENDIX B
HYBRID LAYOUTS
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e m -76215~30 T
‘ : SPECIFICATION NO. NADC-30-13-7602/01

) e 20 APR 1,5

MULITARY SPECIFICATION SHEED

FOWCR COUTROLLER, DC LOAD SUITCHING
SPST, SORMAL 0Pz, Y TuRU 10 AMPERES

 The complete requirements for procuring the coatroilers described bereln
shail consist of this document and the latest igssus of -

.,

© BT IDENTIFICATION
NQ. FUNCTION ‘
n‘n Power In_
Power Que
Pc\ver G round
Comml
.osza.ooz

. .an. e

W] L2100 e

7 m .21 "‘Q ‘
900s. 0104‘ (8)
2002, 010
(]
; s 'G.?g——f
320,008 __ . l
el -F- : € .7004.010 .
s .350
[y H -
SLoT - 49 {‘,‘2 .
{9 ‘ " | )
/ . L'— StoT (%) : e
173 DA ' D D BATING | o» vax | wEIGHT
3 ROLES ' e, §75 et AMPERES
l -
. : PO 1, 7508, 010 il “‘7"35"—" 'Ei‘:.‘ %
: 10 1.0 3.0 0Z |
e t— 3, 1504, 060

‘NOTES: () Name plate locatton. ’
(b) Pin designations are for reference only lnd do not appear on hesader,
7 (e). Terminals shall be tn plated [ollowed by 3 flow process or costed
with composition Sn 49 to Sa 70 solder conforming to QQ-S-871.
‘ (@ 1S7602/01-00L, CO2 & CO3 only
(¢) TS7602/01-001, & CO2 only
(2) TS7602,/01-001 oaly

S AN S IR P IR BT ITRWerY X,




. NADC-76215-30
, . , SPECIFICATION NO. mc-ao-u.'lﬁoa/m.

27 APR 576

(EQUIREMENTS: | |
MECHANICAL AND DIMENSIONAL CHARACTERISTICS

Coafliguration
Dimensions .
Tolerances . .

Ses Figure |
Inches
%0, 02 for two place decimals
%0, 005 for three place decimals
Enclosure . . Type 4
Wﬁght .-‘ooooo.-oooooano‘s.‘ﬁml
maﬂ‘ tOIqUE ¢ ¢ o e 0 ¢ o e 0o e 5 0o 1840, 1b,
Terminal stresgth ’
'Mm--occ e o 6 0 0 9 0 0 @ 0 o camonA 1°M

M test . . . . '- ® ¢ 0 6 o 6 o 5 » o » bo‘mn C=-5 mm i

.L“km ® 6 o ® o 0 @ 0 & o 0 0 0 s s 10.6 ‘u ee/‘.e. B - 1

.
.
.
.
]
]
.
L]
.
3
.
°
.
.

L]
»
L ]
-
*
L]
.
L
L]
L]
L]
[ ]
*
L ]

TEERMAL CHARACTERISTICS
Thermal resistance case=to-stok =« + + + » 0.50°C/wats with specified
} ) . mounting torque
Beat sinktemperature =+ « ¢ ¢ ¢ ¢ ¢ e o ¢ See Tablel! .
(design cansidemd.oa) "

ELECTRIC CBARACTE?ISTICS (=54 %o 120°C case témpcnmra unless
otherwise specified)

Geseral - | ‘ S | : 7
Cireunit arrangement o ¢ » o o ¢ o o SPST NO .
Insulation resistance « « = ¢ ¢ o ¢ ¢ + o+ + 100 megohms minimam
Dielectric withstanding voltage . « « « . « « Applicable
mm.......o....'--,.oo Appuﬁ‘-bl‘
Life (operatingcycles) . ¢ « ¢ o s ¢ o ¢ o« 106 minimum
Radiointerference . . ¢« ¢ ¢ ¢ ¢ « s « » ¢« Applicable
m.“"'ﬂt ¢ o 6 06 0 0 0 8,0 5 s o o Sees Table l
Power dissipation
TON® ¢ ¢ ¢ ¢ 6 ¢ ¢ 0606 0060 0 0 0 0 ¢ s“'rab“l

TOFF " « o ¢ 0 0 0 0 ¢ ¢ 06 000 0 0 0 0 » s“'rabl.t

Common mode rejectioa « » ¢ » + » o ¢ « «  Applcable
mﬂ.ar;uit - . . o ' _' .
Supply voliage ) . . ‘
. 3% 82888 s 0 0 0 0 0 0 0,8 0 o 3° volts dc mxipum . .
v y . 20 volts dc rated

: : , 17.5 volts de mintmum
C Transient (isag terz) e e o's e B0 volts dec maxizun (50 us)
: ) X ' 9.5 volts de minizum (50 us)

Transients (shart %arm) o+ « o o o 3600 volts de (1€ njoules =x)

S e e e A e e e e,

. ',' 5. Ef;’é "!“’ ?707'"."""-4.-- O T
. > o AOEES




Response

Qurrent

Rated no luad to 1007 rated) .

RADC=76215-30 °

27ﬂ3w.

e Sez Tadlel!

rm\lm‘." (n‘«) e ® &« © o & & © & 0 ¢ ® @ A\'ot :lpp:ic:ble
Voltage drop (no load to rated) . . . . . . . 1.2 volts dec maximum 8 -S4%

9 volt dc maximm @ 100°

Current nURAE . o o « 0.0 o 0 o o o » » 2703302 rated losd

Ripple current

{no load to 1007. rated). . . . .
(in current limit to short cireuit)
Rupture capacfty . . . ¢ . o o o
DCoflset veltage . « o « ¢ o o «

fat through curreat
Ampumd‘ * o e @
m L L J * L L] -
r ’u Slft e o o o
Resct immunity . . .
Traosients
Operating voltage . .
Spike overvoltage . .
Naoddby power., . . .

nm“ﬂ.m- L LN 1 ]
Risetime. . . . . .

ﬂnc‘fﬂm‘ e o o 'o

?-aiim. * e o 3 o
‘o

Turn on d'chy' e o o
. . .
?ﬂp fm. > o 0o 0 ® @

m’tt". o.. e o @
Nonrepetitive reset .

.Mtln reset . .

Zaro voltage '.:m =~

Zero current turn of?
Control Cireuit

Supply voltage ... .
c‘ﬂ"ﬂtooooon.c

Tura-on Current . . .
Turn~ofL Curreat. . .

T N wrery £
R

3% rated maximum

® o o o 5‘4’. nted mmm
« o oo« Unlimited
e ¢ s« « « Notapplicable
e o o oo oo 33040 of rated current maximum
e e e+ oo o 10miiliseconds maximum
e & ®» o o o o s“ nm 1
e« o s.0 o o o Not ‘ppl‘cabl.
e @ o o 0 o o ' Appuczblc
® & ¢ o o o » Appm‘bl.
e e s o e e e Not lpplicable
« & o0 o o @ ' 1‘5 m‘lme‘OndS maximum

e oo e oo 0.1milliseconds miniraum
* 0.8 milliseconis maximun

e s o o s e o 20 milliscconds maximum
e & o o 0 0 o 0.1 mitlisecon-s minimum
2.0 milliseconds maximum

e oo 0o 00 0 ¢ 0.1 ailliseconds mininum
1.0 milliseconds maximum

Applicable

.....‘.a-Sching

e e e o o+« Applicable (0 seconds
, minimum between resets)
s e o e o o » Applcable

. . Not spplicable
® e s e ¢ + - Not applicadle

e:o o o o 15.0 volts dc maximug

e o o o 15,0 mllliacperes caxisus

¢ e o o o 10.0 nilliazperes rated
9.0 milliesperes zinizum

e o o oo 1,0 milliamperes caximum
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NADC-76215-30
L

Control Circuit (conT)
i 31T input !.épedaacu and signals (+10%)
Fault

HMormal ¢ ¢« ¢ ¢ ¢ 0 6 0 0 0 ¢ 0 0 o
Trip e ® & 6 6 % & 5 0 0 % o s o0

Reacval tioe to reset ., . 00-- * o o

ENVIRONMENTAL CHARACTERISTICS |

Case temperature )
mﬂﬂ‘o.oo'ovaooocooo-
Storage (nonoperating) . ¢ . . 0 o 4 o @

Shock
Mechanical . .

TempPeraturs « o ¢ ¢ ¢ ¢« o ¢ o ¢ s o o
Vibration . ¢ ® 6 6 6 6 0 0 0 @ s 0 0 0 o
Acceleration . . + ¢« « o ¢ 6:0 ¢ o o o o
Salt fo‘ ¢ 6 0 0 9 6 6 0 ¢ 0 o 0 s 0 0 s 0
Buﬂldlty e 6 e o 0 o 6 0 0 0 8 8 0 s a0

4 T e Y0y e I

b g ' o g IR

SPECIFICATION NO, X

‘30f13~7502/°1
7 '

i'.“

e

1.1k ohms, 11 Volts de
720 ohms, 7.2 Volts de
420 otms, 4.2 Volts de

5.0 millisezcvnds minizua
20.0 ailliseconds caxizum

Tﬂ:t:n ;Ol::‘Q L I I I IR I §°t ‘pplicabl‘
OLCRANZC® e ¢« o ¢« ¢ ¢ ¢ 0o ¢ ¢ 0 o o th lﬂnuczbl.
Tumn °a Wxn‘. » 5 6 & © 8 o s ¢ & o 0 @ Not appl.lcahlﬁ
Rateofchange. . « ¢« ¢+ ¢ ¢« ¢ o o s .. Not applicable
Im‘ transients . . ¢« ¢ ¢ o o @ e o ¢ o @ AppucabIC
- Raset Circuit ‘
smly 'Olta‘. o o 9 o o s s v 0606 0o e e o Not appuc‘lbl.
R.s‘t vomg. e« e 6 0o 6 a e o 0 ) -. . .. o o Not .;ppuezbl.
Rate of Chaus‘ e ® o o 8 6,06 & o ¢ o v @ Not gppﬂ:lb!e
Inwt transfents . . . LR BRI I T N Not zppuc‘ble .
Application time to meﬁ « e+ e+ s Notapplicable

=54°C to 120°C
-85°C to 150°C

100 G for 11 milliseconds
~54°C and 71°C
Applicable

100G ’

Applicable

Appljcable
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: NADC~76215-30 -
, ‘ .+ SPECIFICATION NO. MADC-30-TS-T602/0L
‘ -~ 27 APR 1978
! . \
il Operation at temp. extremes. « « + + « + « -Applicable
g r.w.m“"lumd. e & o o '0 ® o & & o & A”uc‘bl.
f Operating ambient
i Tcmp‘ﬂtnn ® e o e 0 @ 8 o s o e e «34°C 0 98°C
E" AIM. @ 6 6 6 © 6 ¢ ¢ v 8 & 0 0 @ s‘. !“el to 100, 000 [eet
: TABLE I. Dash numbers and a~alicabic charactecistiry
‘f t
Part No. |Current | _Power Dissiration - Vatts Max _ IYeakage ceac
{ ; g Ratiag (1) -QN OFY Currvent-\ax g:k
5 . TSTS02/0L [Amperes | -siw | 25°C | 100°C | 100°C | (Microsmperes;| o rrax.
‘r : oaL &3 1.3 1.1 1.0 | .50 00 ny |
! o2 20 | o | 35 -] 3.0 .50 500 us |
; , m s.o 9.0 805 “ . 8.-0_ .50 soo m;
E ook - 1.0 | 7.0 | 16.0- 15.0 .50 " 1000 112 ;
- ]

(1) Steady state
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FAILURE MODE ANALYSIS




NADC~76215-30

1.0 INTRODUCTION
This failure mode analysis has been prapared in response ;

to Paragraph 7 of the Work Statement No. 30P9=—=Solid State
The analysis has been

Powar Controllers, dated 6 April 1976.
conducted in accordance with Paragraph 3.4.2 of the Reliability

Program Plan for Power Controller DC, Load Switching, dated

15 October 1977. The design data basis for this analysis is

the final design of the DCPC as presented elsewhere in this

report.

2.0 FUNCTIONAL ANALYSIS
The failure mode analysis is derived from a functional
The major functions of the controller

analysis of the controller.
with respect to the power input and output terminals are as

follows:

The controller will:
Turn on within the specified rise time delay limits

1)
when commanded on.
2) Turn off within the specified fall time limit when
commanded off.
3 3) Trip out within the specified time limits and will
;} no£ trip out prematurely.
j 4) Maintain the Power-Input-to-Power-Cutput voltage drop
: below the specified limit.
5) Maintain the power dissipation below the specified

limits.

TR At T P PYE B -,ﬁ‘gmm K




42l e

. failure mode are as follows:

NADC-76215-~30

6) Maintain current leakage at the Power Output below the
specified limit when off.

7) Provide the specified current limiting.

8) Maintain correct operation (no trip out) after exposure
to the specified long-term and short-term transient voltages

at the Power Input.

The internal functions of the controller are identified and
grouped into three major subfunctions as shown in the controller
functional block diagrams of Figure 3 (Logic), Figure 5 (Amplifier)
and Figure 8 (Power) in Section 2 (Circuit Design and Operation) of
this ‘report. These three major elements (plus a separate semi-
conductor diode) represent the physical partitioning of the controller
into hybrids with interconnections as shown in Figure 1. The output
signals (lines) from each hybrid or deck to the other two are the
Qutputs whose failure modes and effects are analyzed and recorded in

detail in this appendix.

3.0 FAILURE MODE ANALYSIS PROCEDURE

The output signal lines were grouped by major subfunction and
analyzed one-by-one in terms of failure modes and effects. First,
each output line was identified; then, the major possible failure
modes were determined; the failure effects on the other two major
subfunctions and on the controller power output were obtained; the
syuptom of failure, if any, presented to the controller input terminals
wad deduced.

The conditions attendant on the analysis of each individual

T e

st MEAPARYION ~ ey "
S SRV AN (OPER PR 2 ¢




NADC=-76215-30 !

1) Only a single failure has occurred (the probability of a
time overlap double failure occurrence is so low as to

be negligible)

" 2) The controller has been thoroughly debugged and tested and
is running normally (commanded on or off) just prior to

failure.

3) The failure symptons recorded are those directly available
to the external system observed as voltage levels at the
control input of the controller; indirect sSymptoms such as
the reaction of the controller-fed load equipment, and its

subsystem and system are assumed not to be always available

or to be ambiguous with respect to the location and cause

of failure.

4) Control input terminal voltage levels are considered to
provide Bit status information and fault symptoms; they

do not provide a major function controller output.

4.0 ANALYSIS RESULTS

Failure modes and effacts are documented on the FMEA (failure-

modes-and-effects) Table E-1 attached:.

1) Logic hybrid outputs: Sequence Nos. 1-3
2) Amplifier hybrid outputs: Sequence Nos. 4-8
3) Power hybrid outputs: Sequence Nos. 9-10

Several of these failure modes and their resultant effects
were noted during debugging and testing of the one hundred controllers

~ produced,
H £e3

T et g TG TS O N T
s




T —— 1 o A = A A A SR ot s S0 AAAM TR - 1 L o 4 s 4Shm N i A s SR e T ———

*1-3 JIAVE

. . - _*s3eeusiion vama esews motyoz
. . . *3837 uoyydyaoseq dukg ewg ‘y ybAoryy
. . . ¥V suog3ypuod wpidiis o worydrrosep xogz |TTIGH
- : - \
. ‘8,01 soMd o3 eBewwp
. *anduy erqyssog °“uoOpIONUp .
' Tox3u0n eqy JO IULIIND WNIUFS
3uepuodopuy ‘uo Lv..- dyxy 103 sebeyjoa . . . :
30 330 peydyer |proysaayy YS9 IDUT : ot
oq Ava 3ndang sny3 ‘peswdiduy . UOTIOUNITWH L0
o *3no dyx3 jou | siojeapdmod ebejroa . . 1Axvet ga *suyy Ktddns . . .
.ﬂ. TIyA IO9TT0I3U0) 01 19A91 sousiejey 95 ..o«ua!-ooT , fuedp ®seg g10 Yeuxejuy uo eHeayoa yGIR .
C . .
. o .
e *UOTIOVIBP JUBIIND . . <
. unwiuie pue dya3 yoj . : : ] »
. se6v310A proYseayy *ebeyroa] - . . (] .
(5 y3 Hugaomoy snyy Kyddns pejineg - : ) ) . L
‘1871023 I9M0T PTAqAY gWy uo uo bHuypuedep *Kyew1 gq ’ 1. - .
m -Uod 9y} 3o In0 | syojzvaedwod ebeltoa ¥ UOTITPUCD tuogrouUngIen Ln ouyy Atddas N -
dyxy sanyvwexy 03 1eA9l sduviIney ‘20 @ UOYIFPUO) tuodo esvg 10 j{ruzejzuy uo eHeToA mon
‘yoj3gms tomod “
.—-QQM 03 03 YeuBys uo uiny . . ‘
. bexsaytep Indano [K1ddns jouues (v/gn) . sa :
- ou ‘eIozexeys | zeypjypidew uo 10MOg f3104ys g3 132043 6O . *3yndyno
U0 YOIIMs 3J0u *psAcHIX auumsouao : ) fuoyjoungien Ln . ‘ourt{ £rddns puw ssuexsjex :
TTEA 29T1033U0D tpajuco oyl o3 Atddng ¥ U0TITPUSH fusdp 610 tuedo 10| Atddns (eurejuy uo Af YoYeyoexg - A S T+ 1 4
ivaaaa ana 303333 TVOOT. | ARTTIGVIIZLAA ROILATHOSAG 9 worranddsza |. -on w .m
-~ - ‘9 SNOLIWXS SASNVD ATEISS0QL *OR J00M MMIVA TVNOILONNS Ins1n0| °018 - :
200 TUMIIVE 20 LH33d3 : : ‘ m
_ X02a J1907T YO
SISKATVNV SL02IT ANV SAGOW [MN1IVE M 4
3 )
. ) ¥ITIONINOD Dda : v I B
. ) . M
Y
J
~ o l 7,

RERLT s



e el et T o S S— . N
o —— _ i i — e -
Tte T L L e G e e e
.

*1-3 ATHVL

*U0 8q PINOYS IF teym
! 330 psuany sy’ Indyno
IoM03 I9TTOXIU0D

. *93vas
TVIION 9®3eOTDUT ST®
Lutuxey 3nduy TOXIU0D

uddo g0
uedo 73
ubry xon3e v/zn

(woy3ypuco dyxg)
D9308I9p UOTITPUCD
TURNON 1LI€ PYTwAUr

pe3dezzeun Indyno
29M04 °sTeuymiey
3nduy foazuod uo

p23I0932p sSnyels
aeTT0313u0) aedoadur

) uoty
-efox193uy x0pUN
puv oje3s fpveys

307 pe3wOTpUt
ojels LId XINVd

*uedo 10 fuedo 1%
tmot 3onIs /1N
tybry xon3e &@/zn

(uor3ezedo Twwxou)
peIse3sp UoTIFPUOO

- 3Tneg LId PEIvAUY

NADC-76215-30 —

‘poydegyvun IndIno
29mo0g !sTRuUyWIo]
andut [oajuvo) uo

Poe30838p Ssnjele

Iettox3u0) redoxdur

T1® 03 syoaeY
130938p JO episIno

r.nou-u- XoTT0I3U0D
ebvitoa esuodsoy

‘wedo 1q {XAxveT ga

*esuodsex 310 Xuw
203 STOASY STqeMOTI®
ury3 Iemor teasT 314

*PROT 03 PBIGA}ISD
obw3TOA paonpoy

.. taopyyrdey
‘up *amg 03 Ind
=3N0 SjEypoOmISIUL

*toaey obvatoA

usdep ‘3 UOFIFPUOD
X0 ¥ uUotaITPUOD

dWVd 334 uo buy

1L10 ugeb x004

*no1 3oy Arddng

*y61y Are3erdmod
gojtas Jou 1IN

*petyrdde Induy

INVE X0 ‘7 TVNEON *JIvl
9390Tpuy osuodsey II@
doo7 anduy tox3U0D

W QT ueya shyessw

m E=5

=

*3no dyaxy
.'20 330 uiny jou

*teubys
Uo uxIn3 JULISUOD

*3uaxIns
andIno ddoa uo Hug

*oybor A3ynej
03 enp MOT XONIg

pusdep ‘¥ uoyITPUOD
TUIA I9T[0I3U0D SPATEOSX ‘dwe Up °*aImd 30 @ uoT3ITpuUocd a/tn tpejzous L10 ‘4o yomag
. *M0T Jom3g .

.. *yeubys uUo uanjy . *Joy Kiddng ybIRH ‘owT3 TTI¥] PUC OSTX

: ‘w0 uany SATS08X J0U [ITA .. sqonag a/zn fuoedo S10 . andano doyeasp 03 dwwy
U TIIA IeTT0I3U0D | (V/SN) °“duw ug °*Img ¥V uot3Ifpuo) | ‘uedo LI0 fpe3xoys €O *330 Yomg °3%d - °duwey °3ou] €
203433 aN3 133233 TVO01 ALTTIOVIOAL3G NOIZAI¥OS3Q 9 ROI14I¥OS3IC o
9 BHOLJANXS SASNVD ATAISS0A *ON FQOW FWNTINZ TYNOILONNI IndiIn0 | °*£3S

-t 300W TUNTIVA 20 103443

-

m
7
g
F
A
|
{

Y




e T g 4 w28

*1-3 A74VL

. & . .uou.:.ou . ’
JUWIIND PROT INOYIFN §ades 3no umorq) tuedo
. uea®) sySor toiy anduy esuesg fg 03 D
U0 uInlj| -uod 03 uoyTIVOTpuy wox3 Kyesy 9T0 ImO1
0V TTFR IOTTOXIUODY dgx3 jueIsuod H uoT3ITPUOD. yolwy ¥/9n 30 4/9N *mot Yonag ;
.cc..m« 30/pue sbeys . '
3ndiIno 18TT0IIUOCOD *SUOTI FpUO UOTIDUNITWH .
43 03 efwwep} Jueiand 1eao Bupany , " T a/sn rpeazods 99 POIINOCO SIY ‘WO;ITPUOO
.““dl.g ano dyxy 330 uxnl j0u 1T} " tuedo IndIno ¥/9n . dyxy seawoypuy oot
0V ITIA ISTIOIIUODL  WIITAS 8338 YT  UOYITPUOD uo @/9n tpeIIOus PD *ybyy Yon3g |toazweo 03 Twubys-aIul s
_————————— 4 Mﬁ.a
*3nd3no Iey10IV0D L :
30 330 uany puw uo .
axny Suganp sewmiy | . ' .
1193 Buog .-u«nu :
o81x 3Joys “oeds| . - sgreurwioy . . _
30 InO oWyl (Iv} . anduy uowu..oo .. . ’
/%811 andang 1m0y . ..o:on 2% wolduks oR «EKyeet g/¢n 03 Induy fenteA -Jey Arddns ubin _
. | 4 . ' . ; 9Be3TOA
W (o uany < mot 003 .. ’ -punoas a!-o“.u-uumoum Acan“
) hr 30U 1TFA ISTTOXJUOD ofw3toA andut £10 *¥ UOYITPUOD .guu.!ml a/sa 03 perzoys teavr| Tvubys - “Jeu Kydédng .w 4
-~ ¢ - s ) ** B
-0 e
ft—l———
~ -
5 *pe3oe3ep oq
W . sou Kem uoyIFPUoOd
. *pwOT 03 DOISATTIOP | . -syfor 1023u00 | IINVE °‘OIvIS JINVA
“ yndyno ou—uo uin3 | yowex Jou TTIA TPU Jo3 toaey e1qe .
| 3pu TTYA I07T023u0) [BYS TOIIU0D U0 UING | -ROTIW Uy 0ubTH ‘uedo ozd tuodo €2 AT ‘®AOqe TeAST IId
f .ﬁ.u.wwmuﬂu ...Jou-u- F0710I3UOD TT® m ;
. ®AS] UOFIO0T® 4 5
I naeasdusy uowuuunaurm“ugonw : -esuodsex 114 fue ;
ADT 3% U0 uiny 30U ’ obu3toA osuodsex v . 203 STOAST STQUAOTIV . i W
KAwe 1e71013u0D °® {ururey 3nduy (ox3uO) poazous 01| uwus xsubyy sysaAe ird (*3wod) Indur TOIIVCD ~ m
A . ~sBe310A - “ 3
. 3938 yveiou DEIvA , . ° Y
ptuoys 3§ =o.-n0uwu - » ussmyeq Ut [OAS] sot yomas O/In 81 471 307 TOA®Y s
! peuzny s ndno . . ebwatoA v co°} ‘p3vys tyByy yonIs |/TN 2003300) *yvIs dyxy [~ X
; 19M0g4 10T101IU0D PFITVAUT ‘803ROTPUT 1€ tuedo 10 tuodo tg] Buyinp TEASY II¥ ASx : m.,
i 231333 aNa 233428 TVOOT | AIIT16VIOAIEA _ NO134140S30 9 NOILdI¥3S2a ot m
N 7 SWOLAMXS s4ASAVD T14ISS0d "ON FAON JUNTIVI TYNOIIDNINE 10d1ND ‘038 3 #n
: M . 990K TUNTIVE 40 1J3343 , —t o
m {
i



- it et i o

ks b i Ve

T e A A b i s

*uo pesdany
i ueya uoyyedyssip
»aod zeTTOIIU0D YSIN

*‘pexemot 87
sanjereduwe] osed
oy3 se sjvuymopexd

' ®iom swooRq TLIIA
08338 STY]L “10A9]
SUYITATT IUSIIAIND OAT
-3098339 9yl IsVIaduy
, 111a pue speuyura)
andyno pue jnduy eyl

i usenyoeq doaxp ebearoa
n Yy oonpax TITM
A syyr “cuyeb ayoyy
\N fuygearduy pue 8103
n -sysuell xamod 8y)
o Buyavay snyy ’‘zomod
qzosqe 03 yoyyms Ind
| -3no ay3 osnes TTIM
m proy ey3 03 uoyl}
=JpPUOD JUSIANOIIAO

ue Buyanp jndyno
2971013100 WY} JO
Buyjtwyy JusrINd

—— - s ————

i *andIno
u!l.x_ﬂo uoow%ouoz

03 pepyaoad sieamy

*'qoyIns z0mod 03
ATIP TYUOTITDPPE ON

qO3IAs Iemod

uotpjesuedwod uyes

*teubtes Juex
~ano Indano unwyuyw fosgnd uopzwboxisjuy

JUEIBUOD SATSODI
118 21607 Torjuod

(* 330 pepuvwsod
ndano xemod)
juexind jndino
ou ST OI0y3 uUaym

Y3t pajosIsp uoyy

-eOTpUy LI¥ IINV4.

‘1-d agvL

Axwet 910

*ROT XON3S Q/9N OAT
=30039p Indano H/snN

‘yStTy xonle a/9n
ATIo0zOP 3ndano d/¢n

g 03 D woxy
*punoxb 03
pe3xoys andano 5/9n

*qbyy xonis -dwo) uyen

f *mMoT NONIe *dwod ured

*MOT YOMI8

‘peor o4y jo
SUOTSINON® JUOITAIIGAD
Suranp yoayas senod sy

O3 GAYIP TRUOTITPD®
sepiaoxd *dwo) uyen

~

— s o s ¢ e co ———

pEy=—gr

*ostnd uwOTy
-eBoxxe3ut YITA
woy3IedTpUT ILId

. , IVNDN  *3juex *3uezIND N
i wnapurs 30 woys | X0 PeIex 3¢ sy : . DROT POIEX GTRc "
w * +3ndano|-woypus eAyeses awu unmuuo usym uo3 cund b . no«uao«-x.«ﬂnumon tox .
0n0d wo 308338 on| TT7A O¥BOT Toxquop | TUOTETY 416 LN uedo indano 2/9n . TuBY Yom3g | w03 o3 ywubye - INIM
1034233 aN3 123233 "INO01 A3111169V103149a NOIZdiwdsaa 9 ROI14INOS3a e
% SHOLJWAS §4S0V0 FTAISSOd *ON SAON FJUATIVA TVNOXIIONAL 324Ln0 | “03S
. J00H TWOTIVE J0 1D3343

e

R T et 2

.
x
;
:
&
!



e . M -.HIN. FIavVL
.... 0.-- ¢ . . . . ocao ﬂ.ﬂc
T Ye0 wany jou Trye TI0 ‘6D ‘LD tuedo 1

- . e P .

SI9TTOIIUGD w7 30 | T — Z10 ‘010 ‘sD tuvodo
Y2/t (vs 20 *304d33y e . 90 fuedo »p fuedo .
| LA u.hu.n.w w pug sv sweg Y UOTITPUOD UMOTq SI0ISTEOI ssusg . *330 yomag

. o1dj3tnm x03 wo uxany | .

1e17013u0)
. - *Kyeay/pe3zoge 9p
iy ;u..mun\vouuo_.o »0 x
N *$IN550 oYY D uoys ‘010 rap 110 210 2
>7buoo 3uezanozenc ue 308333 ouv. . vuodl ‘010 ‘gd {pe3zoys (uo .
37 pebwavp oq Ave : pua swes @ uot3ITPUC) €10 ‘TI0 ‘60 ‘10 .T«a- xwmod) uo uoo....uu ..m..o . ] Ww
. . ION0g o ]

peo1 ‘330 uany

= 308 IT¥A 301T023UQD .
.-* .

. Co ‘3uszINo Judino o3 “

+

AR At ilenadll

. ‘uoy3ITpuos )
" my jtezINOINAD u!.o- . . . nwcﬂuaunuuo&oum Arawouyry
. Ax3INo1yo yoxy 038802 Trueey Induy
e : ¥2 Toxuep | . R uorIypPUO) SsUSs IN0 uUNOTY *3tnozyo uedo Ieacd oy 03 peous
2 ‘w0 umny v = Iv3ex sbwitoa - esuey ¢ *
: ....m»o.. TIIA 2e7tOx3U0D
©
Q ¢ |
m. . . L
td .
L . . .. ) _
*8IN300 - ' . S .
UOTITPUOS JUSIINOIVAO . . . . 1 |
uv 3§ pebewep-oq .- *uo : ) . ' {
Awvm 3077013000 30 | peusny YoITAS 2swmod .
/oue peor °330 um3 |eqs Buydesy Aqeieyy ® UOTITPUOD . :
30U TTIA I9TT0XIU0) | uo peuan3 skeare »D a uoFItPuod fearroezep andino w/sn : *ybyy orag . ‘U0 OO i
. ‘
L]
- ‘ *wo
) *uo uiny J0u ‘U0 uan3 jouuws R uwop3ypucD ..Mau..wuw-»:uu“w’"owaﬂoo “
. TITA 30710230 §| qo3tAs asmod 3o 9D 1y woy3yPUO) sATIORzepD ndano v/en *not xon3I8 [wox3 yeubys - wo Iemog s . i
393443 aN3 ’ 203423 "'1TVO01 X21718vi01180 . NOXIIAINOBAG ¢ NOILAI¥OS3Q ‘el
¥ SWOLANXS SESNYD FIYISSO0] *ON FAOW TUOTIVL IYNOIIINNG 184100 b i

IAOH FUNTIVA 40 1033433 .
. ’ [ 3

!




‘1-3 FTAVL
.
4 ’
[ ]
s. -
s 0 -
..m i
Tt
R *peITOIPUT oq jJou
.,..m T1IA 3Tne3 Indano
) pe3jex 3o -4STs UM
N 8S9] 87 JUSXIND - 3
- 31 ‘cebeywer 3O 1
- T8 . 3unowe oyl uo buy "
RO *uogIFpUco |Lpuedap 8IVIE JINVA. .. .
f *peot 03 330 203 uoyyed e 93WOTpUl 30U . X038y
! POIVATISD JuSIIND {i8SYP IGmOod Twwrouw Kew o693TOA TRUTW ~8UE33 GATIP 20 Sug *poaromex teubys TOXy
|  ®wxeey oeds 3o 3Ing |- oAOqe oTqTssod | ~193 Induy [oIIU0C) -yo3gms xomod Lyueq ] -uod usym Indyno Axwer
1 ‘e *
L rsanjexed
! «uwe) Wo0X 3I¢ 83T0A .
} mo.m geyy xejwexl _
IndIno pue Indux
Ien0g useajeq doxp ;
- @bW3ToA “sUOT]
-FPUOD JUBIINDIIGAO T
buyanp buyyyeyy . ‘oxmivaedusl woox SI030TOURIY SATID
Jusixno IndIno *qo3gas | 3 $370A §0°1 'ueyl lxo (€10 ‘TID ‘60 ‘L0) i
SIqIS803 °STOASY 9Iws pytos uy | 3e3weab yndang pue lexoysysuexy Buyyolyme [
Kqqeidesoe moteq oq vI3uesuod w0yl pnduxr zemod ussmieq aonod oy3 JOo eloW ‘wo ATIng . :
Avw sbvitoa proy fedyesip aemod ybyn - dozp ebuytoa 20 ®yo 3O 3INO uINng poyYsItAs J0u IndIno (*D,3uU00) MO TEA0Q .
203333 OGN3 103343 W01 X31116V10313d NOIJ2INOS3a 9 : NOILAIVOSIA *ONX
- ? SHOLIHX® S3SAV0 1418504 *ON 200W JUNTIV TYNOILONAS 104100 | D38
JaoH IM1IVE A0 103313 ;
(8

R L~ — - -




NADC-76215-30

TABLE E-1
SYMPTOM DESCRIPTION LIST

Condition A

Fault BIT state indicated at control input terminals during
steady state application of input signal. Normal state indicated
when input terminals are interrogated with 50ps pulse.

Condition B

Control input terminals will indicate a trip state. The input
terminals may indicate a fault condition when interrogated with a
50us pulse.

Condition C

If the +12.5V supply line voltage goes above 20V, the CMOS
logic may be damaged, in which case, either symptom condition A or
D may be evident. An increase in the 12.5V line voltage will cause
a slufting up of the trip curve; therefore, the controller may not
trip out during over current conditions. The increase of the thresh-
0ld levels may also cause a steady state fault indication when the
controller is passing current above the normal minirwm current level
(=15%). :

Condition D

Controller output will not switch off. Normal BIT state indicated
when input signal applied. Fault state indicated when interrogation
pulse applied.

Condition E

During over current condition, the trip current level is detacted
but control logic may be stuck so that trip BIT state is indicated
but controller does not turn off.

Condition F

Solid State switch will not saturate; thus, the power output
terminal voltage will be below normal. Depending on this voltage,
the output current to the load may produce a Normal or a Fault BIT
state. )

Condition G

Controller will not trip out when an overcurrent condition
exists. Normal BIT state indicated at input terminals.

E~10




NADC-76215-30

3 Condition H

J ' Controller will not turn on. BIT TRIP indication returned
at steady state turn-on and during interrogation pulse.
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